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(54) COOLING ROLL, MANUFACTURE OF MATERIAL FOR PERMANENT MAGNET, AND 
MATERIAL AND MATERIAL POWDER FOR PERMANENT MAGNET 

(57)Abstract: 

PURPOSE: To obtain a material for permanent magnet having a stable performance because of 
little change of its cooling speed caused by a change of circumferential speed of a cooling roll. 
CONSTITUTION: The cooling roll is used for manufacturing the material for permanent magnet 
by cooling a melted metallic alloy containing R (R means one or more of rare earth elements 
including Y), Fe or Fe and Co and B. The cooling roll is provided with grooves extending to a 
direction toward the circumferential face on its circumferential face. In an arbitrary cross 
section including the shaft, the average distance between adjacent grooves in an area in 
contact, at least, with the melted metal is 1 00-300|im. 
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ttSBUfEi£lll&5raroWT, #K3rara«T£-f3^t/5 5 $f 

/nn«5i*tai» t #*p n -/um ffi t #S5«rt- z^tfrh so 
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fESEa£»4EK©4I#fi (cSo T-Jt £ -T-5 1. £ L 
t>4v\, 

[0 0 6 8] 3=fc, JftB&©H (^n-/^ffl<Z)l6*"[Bl 

3n-/iWSffi©#IW±£-f3^£^#£L<, mz&M 
u-jumMomizQ h 1 0%@gS<1-;5r£#$?*L 

[0069] aB6©jfs$ict^c»jiaf44v\ 
b, ii»r-r'<^^^ii©1f i t : i^*PD-/K7)jiiig/ t ei:' 

ttil V>£ < -TS - £ tfxt s„ 

[oo7o] y XMztt-tz>m.pj<DiiLW.itmcmmzti 
«tv^5, as, yx^t'Wigtai^twsggtfi, ^*P 

n-^ffil-j^oTSlJofc^i^ 1 5 0mmJ^T, ^(-7 
[0 0 7 1 ] MB©#|tttttfc|Rj££;h.fcV\i 

[0 0 7 2] w^g^a 
*:^0^T'(4, SK2 t^K/H 1 3 t ©raroftSPn— ;v 

[0 0 7 3] Rft#S©fl|^l4«F^I8^$n4v^!5S v S 

¥*iRi*s?&aio-/wjaiiiw«*i$iTifes j; ?^ y y h 

4 ote»R%^Wik LT(4, ^Jx.Jf 13 3 4o4t>*0 4 

4lC*£*l58H5gW2 0 0J4, RfgJ^C0iail2 0 1 
t, :©IS2 0 lSrHffl-fS^y •> FtiHP2 0 2 
i&^i-fSo ^ y y h&Smn 2 0 2©fi^|6jtt»j5 

xhz> a P)««oflfi2 0iw-*o«ai (H^«-e 

J4, *ftffi<0^1ld#£El-5 o ) l4^S$ttT*Ji9, flfc^ 
©iSSil{-l4, i!iI?L2 0 3<Sr^LTH^2 0 lrtlcjgii 
-r<5#*tf2 0 4#8Btt$il, ^<0^f2 0 4C0f« 
lC(4H^L^^7K^7°^^$ixT^-5 0 if^y?<D®m 
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ft, ^H? MfcRfcP 2 0 2<Z>i£igte$l££ix5o 
10 0 7 4] r©±54»a»*r2 0 0li, 

o-AtS«HE«**1*. ^LT, »*SlStt2 0 0«\ 

[0 0 7 5] *«p»««»-to-+ 10 

p t y Xyuioeiitt}ftSiB-A'HiBl!:*oT»ofcii 

^C5~7 0mm^t-t-5Ctas»4L<, tlPift 
*Pn-/P^ffit©ig8lfi0. 1~1 5mmeSt-rS^i 

[0 0 7 6] 4*3, BW*S«ttJtKa#aiCji-t-5^flc«J 

«cS««rWatL-CH*Wt!:*«i-Htf±v\ 20 
[0 0 7 7] *gtt**i!fc»ttrt 

HiBi:©»«l*IB«r3ift**«rt*#4 LV\ 
[0 0 7 8] Jtn-^j£rC-»4, @(E-J-S?&aiD-/Haffi 

mmty y -as«ii:tt#^»aio-^of»e*^j: 5 

LT^T7 y -jEffl#*lgMKIBte*>5 i # fc, 

» n B £ (c^ftfe L T I > -5 d t &g t £ tl 

[0 0 7 9] L/5>L, gi^CR-Fe-BMiliift 

j: y&iQZixziiK yv-mmx'it^t utsa**^ 40 

[0 0 8 0] *zx\ ±fe*i£ici &23n -a- 

&^xftmv-^<v®temcmtf-rzw\&tfmi)ui.. 
d -/uEffii 1 7 y -ffifioj t ©fcaigitronaj* l < 
<*5. *m&tfxit7v-&miz.»k$ttttbti 

T , o -/ujB« £ 7 y -BHffl t T-#£Pi§&co|triS/h $ < 
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tQu-/u<D®fcmmmz-ii 5-15 < 4 5 , 

[0 0 8 1] 03 lc, ^Stt^^.»it*^#Wft€>«Ric^ 

lSr/X/H2HJtUiU y X;n 2{cMLTIhI^L 

3J3Bf+ifi{c^S1-5-a-^l 1 lfcftSln— /H 3i^ffi 

i"5o 4*3, #aJn-,n 314, LfcStt 1 3 1 i 
Sill 3 2bt*bmtiLZti&o 
[0 0 8 2] -t LTv ft9n-yH 3fflffilC[6l*»5*lBl 
(^ffif4#*^£"£#tttt5r £^4.9, &ipn-/n 

tW^ttHfr B ^S*$-li:5„ *igtt#**fc!!fc#tttt4 

n -jum S <k <&S*P# HQ IZM < 4 o T L4 9 . 
[0 0 8 3] 4*5, 1 1 1 14, / XA* 1 2 ^PjCDK 
•iCtiSAS, »HftfcV^ UigflKfls:, fc5VM4^tlf> 

[0 0 8 4] ^Stt^afE«r^#f^tt5*[6)f4, 
1 1 Sr^T'f&SlB— 3/iffi{C(p]a^^fS]T'fctv(4 
^(c$iJPI(44v^n E3f tc^PPT-*-r4 5 ^FfStt 

HMEttft l l 2 WiitT^lSl t <D^L-t^m^n 1 4-5 
i5^#f^J45^i:^»*LV\ ^tf>££f4, 100 

~i6o° ss-efc5ct^0*Lv\ -nt4, pfc£# 

oTLS^iife^). Z.<Dtz.ib, %3—tt:W.£<D'&&ffi. 
^#Wi<4oTU5„ 4*3, #««*^«S5W 
fil 1 2Wjt : fT*T&li:(4, -6-^1 1 l/JS?fripn-;n 3 

[0 0 8 5] JftSlo-/Hc«^Lfcia«©^ 

(4, 7 y -E^e> *>4 d xmmvtmxfo <o , 

[0 0 8 6] ^WfCf4, ^ic^FStt^SrBfctf+Jt 

t try x/n 2 <Dm<D5{%u±Mtitzi<LW.xhz> z t 
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[0087] ttz. /< h-jufrp 3 mmzmtiiz(SLWX'it& 

Sr5fc#ft»tTt>±ffiLfc»*tt#5>*ift^. lot, ft 

/i'K:ffgH'StiAtr££& LT/X/n 2©*iro5 0{g 
SlTffiti1tfrmk1rZZbAW*L\,\ 4*5, 

«L»-Cfi4< , 1i*U<n>J Xyu l 2 KiavM8l<DSgg|5<!:1- 
5. /X;Ms*y hikx-hzm-SiDs Xsu&t 10 
14, ft»o-/uEH5*|fijcjB!ofcSt-t-5. ^©4 9tc 
tttt 5 figs- y XA&izmm £ vxfe 
» 5 ©14, 7 X/M£©*/M£ 4 19 /< K/wrottJU-^ftaS* 

tbXtbZo 

[0 0 8 8] ^ett^W^##Ct^|fi], 8ft», SfEiS, 

ft£Pn-/KZ>^j£, &£pi$ro&Bflft« 
U $6>fcf4H*Wlc, ^©p-* 
ffiffl 1 7 y -BKffl t -Cff 4 U *NMa&a s #e>*i* 4 5 20 
Ki£5WU44v^, 0i|^(4, l^EgS^ffitt^^ 
^B^fKTO. 3~~5m&M&<DS X/P*» 

#faT*fc5 4 9 4*y y h^f>itlt$tl5r 

V\ *!/yMBtt0. 2~2mrag^, * y y 

h5^*r6]^ft(4^^*i(75 3f^±, *yyht 

ft±Pn-;^ffitrogg^H0. 2~ 1 5mrag^T'$>5^ 
tas»*U^„ Sfc, »*WJ±^{4l~9kg/cm 2 S^T*fc 

srtyjwsLw *y -7 h tftijiD-^atoiEgi 
tsitiiemm*mbti:zbxv y bb^m^-^mm±<D 30 

*mni:<<49. 4fc, /<K/uasfta$ix*<& 

[0 0 8 9] ^Fgtt^*!fc##(t5fc«>©^a^W^ 
MRfi4v\J*, #3§fmi, ±!ELfc4 5 4*y y M* 

40, ^TStttf^Sfcwefctttttftg, l"4fe*>, 

gH-t-s d t 3tg$ i -r 5 £ b fiWt. LV \ 
[0 0 9 0] ^fcWKli, 0 5K*$ix<5J:5 4i*atas 

0 014, nwtfkofflMi 01b, ^(omMi 0 1 Sri:ii 
1-5* y y mk*#q 1 0 2 bztii-Zo xv vbttm. 

ftp 1 0 2©;M^fitt*W9Stt©*fc. -Tftfr*>Rf3NK 
©JSKl 0 l©Wt<i{?¥tTT-fe5o RfSl^©ilMl 0 

3. ) J4KS$tvT*J'9, {^(DiCmat, igilTLlO 
3%ftLXm&l 0 lrtlCjgii-t-5^^^1 0 4**&tt 50 
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C;!xlc4 9*ete#y-#«tt«Wl 0 ortftfciS 
•>&*ft<5J:3fc«j*$;h,Ti^S. *WSB*tl 0 0l*9tc 
***nfc^»tt^^l4. * y y h#f #tP 10 2H 

[00 9 1] CKD4 5**W«Sttl 0 014, "MtSMf© 
Ni t iftlEftiP o -yKDtt t # lii^fir b 4 -5 4 5 KftSP 
o-A'ififlPfcEliSftS. -t L"C, *jf«#l 0 0£, 
*o*fc*s»SIJEI*s«f ^ 1 45 4 9 KEHEStfS z. i (c4 

[0 0 9 2] C©»»|CT»ifi$nfc*^«^*t?H4, 

7 y -ffiis#t:: 4 £*ft-o*5 r. b ^^a-rs r. 

t^tl-efcS. 0>J^I4, !fct#tt55FjStt^i: LT 

©-^W*(4, V y — ffi^e>J?$^|6]{C5 0nm^T©ISffl 
T', #];t!45 0~5 0 Oppm SST'fcS,, 
[0 0 9 3] 4*5, 

14, #H«^i:lfl]a©t©SrfflV^^i:*s»*LV\ 
[0 0 9 4] 

^Fgtt^^^ibiil:ji^i-tl{44V^5 N Ar^trffll* 

PS(44<, aHftje-fixffJ:v>. 0iJx.tf, Slg©«Jt^ 
ffi^tc1-5fc*('{4, 0. l~2MESS, lft 
ffi©^gtt^^i^ c fT'fT4x.f44v\ :o±5ftff*o 
^4 J T--£-&&?§©ft£P£ff 4 o fc^-g-T* t , ±12 L 
fc»Kfc5VM4S e>Ui!aa¥SSrfflv^C i: (^4 9 , 

i ftiP n -/U t <Dffl~.<D#mf5.tfX% t ii^*^ 
L < '>4 < "T 5 w t # , p -/Pi5ififi?T?©ie*ffiS 
<D&>-&Zm<i-Z>ZbfrX$Z> 0 0iJx:Jf, n-/paifi 

1 1 OnraWTir-r^r i^tt*#5„ rco#^OD 
-^ffii5^m^il4, ml^Lfcffi^PirlHl-T-fc^, n 
-^ffi hWSW $ © 1 / 5 % X*<Dffl$.XfoZ> B 

[0095] z<Dmm^n^^m<DW:mmmit. 
ffijgttp(c*5vvT, mmmm^mwmzi: dwp&m 
mm®*K&^xmvF%b\z3o&&>±. »sl<»45o 

[0 0 9 6] K-o-yuftt*5V^-C±ELfcJRKSrl!Ht4 
v^*^, *54^D-/uj£^ffl^5*^l-l4, 
*s»^i-5ftaio-/^E#ifiSr9 OTorrWT, 1 
OTorrWT©^Stt^^#H^(C«oT^©ftSl^tf 
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#ti£*ix3^.fc#4<4'3, £-&i#£Po-,uJlB£ 

©C3iftt* s iRi±L-cn-/uiB©} | &aias©»^w4tfe) 

[0 0 9 7] R^SWJfctfctt^fc^fcJiii©^ 
A, R-^W*>4 S 6~9. 2JS-7-%e*0^* 

»tt±IE«SBB©«JEE#H«'l I -e»aSrfi 1 49-t*s» 10 
*U\ 

[0 0 9 8] 4*5, #H^/I^©Tllte#i-4V^, 
tt-mt&Bfii* 1 0" 3 Torr*«, 1 o" Torr*iS£ 4 

s t n H&sNMDfMH = * t ftiP o t ©ra4 £"e 

itfSfrSUN, 

[0 0 9 9] ro«t9 4«E#H«1»-cj!!ig$iifc*^ 
ZWm^k'frbti-f. *fc, o-/HSiSflFT?©itefifi 20 
*£ B B B &&©SI38<BM£, 1 Onm^T, #K 7 nm£TF i: 

[oioo] 4*5, »E#iifti i -cftai-rs»&iwt. 
[oioi] 

ift(a£CTilS4^££-rtU:f <fcv^, itftis 
0~ 1 5 0 Oram, if@2 0~ 1 0 0mmgg-C£>5 o 

[0102] ft»ti-/i/©ffl*Sfi, £-£f§^©*ij&, 

, «NC5~-3 5m/s ir-r^Clt^^UN, 

[0 10 3] 4*5, i§&, Jftfllo-/Utt:-t©(ftaMS»J* 40 
¥i45<t5I^B$tiSo d©»&\ m3lZ7rs£ti% 

ipj*w« (Ei^^iiii) *fctt@te*-(6)$fe{Ri] (n^&iiii) 

0 2 1^1% C © i o 4#£\ flffiE§&iti&Sl*5 J; Ot^*P n 
©f-M B*5<tO ; ^D-/KDtt^^tf3jZgi : ^4-t^ 
[0 10 4] E13{C^$H5J;5(C H ftio-/l/ 50 
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LXhX\/^\ »*L<ttia2^$tt5<t9(-^Sflp 

Bt^4-r^S*Sr4 5~7 8° i-f 5 ^ i L 
VN> w©J:5K?&flln-yHSffi»C*tL^«)*lSl*»f»^ 

fcffl£ig;t5£^©«fc9 4$£;W-#£4(9, buK«5 

[0 10 5] figB^iiSi&K^tftaJo-^jiffii© 
£t>z>liLW*cb Lfc£#, itt^BC©ft$Ngiii~ 

7mm-CfcSCi^^LV\ -&-&*»© JftSJfC <fc <0 
n-7Ki^«L, Sfc, &£Pn-/Wi5 0 @S© 
«&#*Wefc5fc©» Sgftf n g #iiufESSB*}i<!:4 
5twixbK:«t5 ift»*tt©ai»i#raJS b 4o T < 5. 

d -/m ffittjlf T-j£# o T L * o <9 *f£?i§:|# fc 4o 
fc0 LT, Wft*^»S*m3i Si »b*tt!:< < 45 0 
[0 10 6] yX;n^tfc-it5^M|o±StTEi 

©ffi^H (HE) JJ, 0. 1~0. 5kgf/cm 2 ©^Bft 
vn, ^©«5fflrt»-^TM/E£lSf£-£fc&oT3-&i£ 

asmttui-ntf, Bfca*#ft:fcu wto/<?s'*o/h 

^iTffi©#ffl^ff*t©M4i*{-J;i9li41-5 0 -a-^ 
*»©etmicfi£4 5 ISE©j*^**6fll LT±te|£H©M 

[0 10 7] 

[o i o 8] n-<y y £A3-&g}©pm;R£*J-©jgBi© 

fiiJJPIlc J: i5lc*te«©iitt*S:«*Ufc. 

fc 0 S$t©f\e^Sl±3. 6J/(cm s-K), CriilO 
^e^SliO. 4 3J/(cm-s-K)-C*fc!9, CrSSiOf 
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Ml^OOimtL, C r*Slc0W:$(23 5 yro tL 
fc„ CrSIIll eUfc*$*L3J:3fc«#— 

5 «fc 5 ftlM" v*-y^T'<fcofc„ 
[0 10 9] dftbroftiPn — yu£jtn-/ujfcfc:il/fl 

[0 110] Sf, 9. 5Nd-2. 5Zr-8. OB 

- 8 o f e <dm mimm^tt&zmfr-f) srWi- 
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fc„ ££<Mi3 5° £U gggtNg 1*5 rami U 

<$SPI$<£>#ia$Ui 1 5TorrWA r #*<t Lfc 0 

SSEES: 0 . 2 2 ~ 0 . 28 kgf/cm 2 ii&o fc„ 

[0111] #*Pn— /KE>Jiji&&2 8m/s t Lfci:# 
OjJc^«!5W»©ftfl|>j ( iHc ) &£Tfm±^*^¥ 
10 -|g ((BH)max ) t , iHc #-£<73fll:*ffi© 8 0 %£JLk 

[0 112] 

[*1] 



No. 


mmm 

(Aim) 


(Aim) 


Ra 
(Aim) 


(Aim) 


Ra 
(Am) 


iHc 
(kOe) 


(BH)max 
(MGOe) 


(m) 


1 


180 


10 


2.9 


8 


2.5 


8.5 


19 


24 


2 


140 


8 


1.9 


7 


1.7 


8.3 


18.5 


22 


3 


220 


15 


4.5 


12 


3.7 


8.8 


19 


23 


4 (it*5) 


400 


12 


3.2 


11 


3.0 


8.2 


17.5 


3 


5 (ttm 


50 


7 


2.0 


4 


1.5 


8.1 


17.8 


4 



[0 1 13] mi\£^ZtlZ&%:frb*%W<D%)%:&m 

[0 1 14] /f*5, #*M5ttftOB-^B!l>b2 0 
nmJ^T^C r-^W*li, 1^110 Oppm T*feofc 0 
[0Bi©IK¥fcIMU 
[01] #£Pn-^CDlfrffi0T*£>5„ 

[02] GtitemttmRs XfrkVHnv-frtvtimm 

[0 3] *^«5#W»itS6««>»a«*«ISr*-*-Wrai 
mX'hh* 40 
[04] ^fg<4^^W55^lto#ig0iJ^1-»Tffi0T* 

[05] *ft&#x<Dmttmtt<Dftmm&7F-tmmmx- 
1 1 £ 

1 1 1 o 



1 1 2 *flHfc*#J8*tm 
113 /•* KVW 

12 / X/U 

1 3 ^ipo— /W 

13 1 

13 2 Sffig 



10 0 

1 0 1 

1 0 2 

1 0 3 

1 0 4 

2 0 0 
2 0 1 
2 0 2 
2 0 3 
2 0 4 



AOS 
igiiTL 
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